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Abstract

Purpose—To validate an algorithm based upon International Classification of Diseases, 9t
revision, Clinical Modification (ICD-9-CM) codes for acute myocardial infarction (AMI)
documented within the Mini-Sentinel Distributed Database (MSDD).

Methods—Using an ICD-9-CM-based algorithm (hospitalized patients with 410.x0 or 410.x1 in
primary position), we identified a random sample of potential cases of AMI in 2009 from 4 Data
Partners participating in the Mini-Sentinel Program. Cardiologist reviewers used information
abstracted from hospital records to assess the likelihood of an AMI diagnosis based on criteria
from the joint European Society of Cardiology and American College of Cardiology Global Task
Force. Positive predictive values (PPVs) of the ICD-9-based algorithm were calculated.

Results—Of the 153 potential cases of AMI identified, hospital records for 143 (93%) were
retrieved and abstracted. Overall, the PPV was 86.0% (95% confidence interval; 79.2%, 91.2%).
PPVs ranged from 76.3% to 94.3% across the 4 Data Partners.

Conclusions—The overall PPV of potential AMI cases, as identified using an ICD-9-CM-based
algorithm, may be acceptable for safety surveillance; however, PPVs do vary across Data Partners.
This validation effort provides a contemporary estimate of the reliability of this algorithm for use
in future surveillance efforts conducted using the FDA’s MSDD.
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INTRODUCTION

Through the Sentinel Initiative launched in May 2008, the U.S. Food and Drug
Administration (FDA) is developing a national electronic system for postmarket risk
identification and analysis of medical product safety that will use automated healthcare data
to complement its existing surveillance systems.(1, 2) The Mini-Sentinel pilot (www.mini-
sentinel.org) — an FDA-funded project designed to inform development of the Sentinel
Initiative — is a collaborative effort between FDA and a number of Academic and Data
Partners.(3) The success of the Sentinel Initiative’s surveillance efforts depends in part on
the ability to accurately identify health outcomes of interest using automated healthcare
databases.

Automated healthcare databases are frequently used to conduct epidemiologic research,(4-6)
but the accuracy of a diagnosis from these data sources can be uncertain. In recognition of
this uncertainty, FDA has requested that the Mini-Sentinel develop procedures for
conducting outcome validation and use these procedures to validate the diagnostic criteria
for several important health outcomes, beginning with acute myocardial infarction (AMI).

AMI was selected as the first health outcome to be validated because AMI is an important
adverse outcome for FDA to be able to monitor. Drug-induced myocardial infarction has
been difficult to identify through existing passive surveillance mechanisms.(1) Validation of
an AMI algorithm within the Mini-Sentinel Distributed Database (MSDD) would enhance
the FDA’s ability to conduct needed surveillance efforts. The primary goal of this validation
activity was to assess the positive predictive value (PPV) of an algorithm based upon
International Classification of Diseases, 9t revision, Clinical Modification (ICD-9-CM)
codes for AMI documented within the MSDD. The MSDD currently comprises the
administrative and claims data of 17 Data Partners formatted into a common data model.(7)
An additional goal of this project was to develop the procedures needed to conduct an
outcome validation in the setting of public health surveillance. A recent paper(8) describes
the development of those procedures in detail.

METHODS

We studied patients enrolled in health plans represented by 4 large and geographically
diverse Data Partners: the HMO Research Network, Humana, HealthCore, Inc. and Kaiser
Permanente Center for Effectiveness and Safety Research (CESR). Due to the project’s
inclusion in the FDA’s Sentinel Initiative, it was not under the purview of the Office of
Human Research Protection and, therefore, did not require Institutional Review Board (IRB)
approval (8-11). Each Data Partner was provided with a privacy packet prepared by the
Mini-Sentinel Privacy Panel. This packet included: 1) the Mini-Sentinel Privacy Panel
White Paper describing data privacy issues in Mini-Sentinel (9); 2) a letter from the
Department of Health and Human Services Office for Human Research Protections (OHRP)
to the FDA stating that the regulations OHRP administers do not apply to the Sentinel
Initiative (OHRP oversees all IRBs); and 3) a letter from the FDA to the Mini-Sentinel
Principal Investigator explaining FDA’s legal authority to obtain data for use in its Sentinel
and Mini-Sentinel activities. The privacy packet described the legal basis for determining
that the work of the Mini-Sentinel pilot is not under the purview of IRBs.
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Source Population

The source population included patients hospitalized for electronically identified AMI
between January 1, 2009 and December 31, 2009. All patients were required to be enrollees
of the health plan for the entire duration of hospitalization (no patient was excluded due to
this criterion). To increase generalizability, there were no restrictions on age, sex, or other
patient characteristics. There was no baseline period required and there were no exclusions
based on previous disease.

Case identification

Patients with claims evidence of AMI were identified by selecting those with an ICD-9-CM
code for AMI (410.x0, 410.x1) in the principal or primary position on facility claims for
hospitalizations. Participating Data Partners executed a distributed SAS program (SAS
version 9.1, SAS Institute, Cary, North Carolina) designed to query their own locally
maintained administrative and claims databases to identify a random sample of AMI cases
and the hospitals in which they received care. Using this program, we achieved our goal of
identifying a random sample of at least 100 AMI cases for validation. A sample of 100 cases
would allow determination of the PPV of the diagnostic coding algorithm with a 95%
confidence interval (Cl) of + 0.10, assuming a PPV of 50%.

Data Partners subsequently retrieved and redacted records of potential AMI cases, including
hospital transfer records where available. These redacted records were made available for
full text medical chart review by trained nurse abstractors.

Since this was the first validation activity to be conducted using the FDA MSDD, there was
no precedent for our expected retrieval rate of AMI cases. A rate of 66% was projected as a
conservative estimate based on the diversity of hospital sites and the anticipated
complexities; a minimum of 150 charts requested was therefore deemed sufficient to obtain
at least 100 cases of AMI. In order to distribute chart requests equally among 4 sites, 38
charts were requested from each Data Partner with the exception of one which was splitting
its chart retrieval among 3 sites (13 charts per site) and therefore provided 39 in total. In
sum, a total of 153 charts with a diagnosis of AMI were requested from participating Data
Partners.

Case Confirmation

Two trained nurse abstractors reviewed records provided by the 4 Data Partners and
completed a standardized data abstraction form (Appendix A) which had been developed to
provide information on sex, age, race, length of hospital stay and transfer to or from another
hospital, as well as clinical information pertinent to the diagnosis of AMI. Abstracted
clinical information included EKG images, cardiac biomarkers, information on ischemic
symptoms and results of cardiac diagnostic tests (Appendix A). Both abstractors gathered
data from the first 10 cases. This abstracted information was reviewed together by both
nurse abstractors to ensure high inter-rater reliability on items critical for the adjudication
process. In consultation with FDA staff and individuals with clinical and epidemiologic
expertise relevant to cardiovascular disease, the lead team created an adjudication protocol
(Appendix B) based on standardized criteria from the joint European Society of Cardiology
and American College of Cardiology Global Task Force(12, 13) and based on the literature
on troponin standardization.(14)

Abstracted information was reviewed independently by two cardiologists. Cardiologist
adjudicators were provided with copies of EKGs and copies of all cardiac tests and
procedure reports of all likely AMI cases. The adjudicators did not review discharge
summaries but were instead provided with abstracted case information. They then classified
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cases of possible AMI as either: (1) definite MI; (2) probable MI; (3) no MI; or (4) unable to
determine. The adjudicators were provided criteria for AMI (Appendix B) but were not
instructed on specific criteria for distinguishing definite from probable cases of AMI. They
were asked to use their clinical judgment to make this determination.

An AMI was considered to be present if both cardiologist adjudicators categorized the case
as definite or probable. When the adjudicators disagreed on the classification of a case (i.e.
if one adjudicator indicated definite or probable and one indicated no MI or unable to
determine), they met and reached consensus; consensus was reached in all cases. The initial
assessment of the adjudicators was compared and inter-rater reliability was calculated using
Cohen’s kappa statistic.(15)

A positive predictive value (PPV) was calculated as the percentage of confirmed cases
(definite or probable) of AMI among all hospitalizations identified. The PPVs (overall and
according to Data Partner, patient demographics [sex, age, race], and characteristics of
hospital stay [length of hospital stay, transfer to or from another hospital]) were estimated.
Because specific identification of Data Partners was not necessary for the purpose of the
analysis, we present PPVs stratified by Data Partner (table 1) but do not identify Data
Partners by name.

RESULTS

Of the 153 potential cases of AMI identified from health plan administrative data, hospital
records for 143 (93%) were available for review. Medical record information for 7 cases
could not be obtained due privacy concerns. Hospital IRBs in these cases required a patient
signature to release charts. This occurred despite the information provided to Data Partners
indicating that the FDA Sentinel Initiative activities are not under the purview of the OHRP
and do not require IRB approval. Medical records for 3 potential cases could not be located.
Retrieval rates across the Data Partners ranged from 84% to 100% of cases identified from
health plan data.

The mean age of patients for whom records were abstracted was 69.5 years (range 27-94)
and 47% were female. Of the 143 cases, 14 cases required joint review by the two
cardiologists; they reached consensus in all cases and ultimately determined that 123 cases
were either definite or probable AMIs (118 were classified by at least one cardiologist as
definite; 5 were characterized by both as probable).

There were 20 cases that were judged not to be consistent with a definite or probable AMI,
either because one or both cardiologists felt that there was insufficient information available
to confirm or deny the presence of an AMI (14 cases) or because both cardiologists agreed
that there was sufficient information available to indicate that the case was not an AMI (6
cases). The kappa score for inter-rater reliability, based on initial assessment of the
cardiologist adjudicators, was found to be 0.60 (95% CI: 0.42, 0.78), which indicates
moderate agreement.

Overall, the PPV was 86.0% (95% CI: 79.2%, 91.2%). PPVs ranged from 76.3% to 94.3%
across the Data Partners (Table 1). Several different subgroups defined a priori were
examined (Table 2), but PPV estimates were imprecise due to the small sample size.

DISCUSSION

Our results suggest that AMI can be reliably identified in the MSDD. Rates of record
retrieval were higher than expected across all Data Partners. This was attributed in part to
successful relationship building with hospital partners, distribution of comprehensive
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informational packets and frequent follow-up on all chart requests. The project’s status as an
FDA Sentinel Initiative effort may also have contributed to high rates of chart return. We
had the opportunity to review over 90% of possible cases, demonstrating that the MSDD
was capable of yielding a retrieval rate comparable to that of previous AMI validation
efforts.(17, 19, 23, 31)

Previous validation studies(16-33) have found AMI to be a reliably coded event.(34)
Published AMI validation studies frequently report PPV’s of 90% or greater,(19, 21, 24, 26,
27, 29, 31-33) although some studies report values lower than this range.(18, 23) With a
slightly lower PPV than past validation studies, our project provides an update to previously
published studies in several important ways. We drew on a broader patient population,
validating cases through medical record review and using a contemporary definition of AMI.
(12, 13) We found that the PPV rate varied across the 4 Data Partners. Our small sample size
leads us to interpret all between-group comparisons with caution.

A number of prior studies validating the diagnosis of AMI in different patient samples have
been limited to a single state or province,(18, 19, 21, 29, 33) although several studies
conducted outside the U.S. incorporated a broader segment of the study country’s
population. (24, 27, 32) In addition, other studies used exclusion criteria based on age(29) or
included only Medicaid,(19) Medicare(21) or Veterans Administration(33) populations. We
drew potential cases from multiple Data Partners across the U.S. and we did not exclude any
cases based on age or other patient characteristics. With the exception of one study by Yeh
et al.,(29) our validation approach differed from those of previous studies due to our
decision to conduct chart reviews and due to the validation criteria we used. Several prior
studies did not conduct chart reviews but relied instead on linking data to a cardiac registry
database(18, 24) or on questionnaires sent to patients’ primary providers for confirmation of
the identified AMI.(32) Where chart reviews were conducted, validation criteria included
World Health Organization criteria,(21, 26, 35) Women’s Health Initiative criteria (19, 36)
and 2003 criteria from the American Heart Association.(27, 37) Yeh et al. used similar
validation criteria to ours as well as an identical case definition and found a PPV of 96.7%
for Mls occurring in members of a single health plan, Kaiser Permanente Northern
California, between 1999 and 2008. Our inclusion of a broader population may provide a
more generalizable PPV estimate for future FDA surveillance efforts nationwide.

Limitations of our validation activity include our small sample size. While we sampled from
a broad segment of the insured U.S. population, our small overall number of records makes
it difficult to draw conclusions about PPV in various patient subgroups. The study
population also consisted only of patients with health insurance.

This validation project demonstrated high rates of record retrieval from hospitals nationwide
and employed vigorous validation criteria, including the use of expert, board-certified
cardiologist reviewers to adjudicate using updated criteria for the definition of AMI. Our
PPV for AMI was somewhat lower than had been previously suggested by the literature, but
provides a contemporary estimate of the reliability of this ICD-9-CM-based algorithm for
use in future surveillance efforts conducted in the MSDD.

CONCLUSIONS

The overall PPV of potential AMI cases, as identified using an ICD-9-CM-based algorithm,
may be acceptable for safety surveillance purposes; however, PPVs varied across the 4 Data
Partners included in this validation activity. Our investigation provides a contemporary
estimate of the reliability of this ICD-9-based algorithm for use in future surveillance efforts
conducted in the Mini-Sentinel program.
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Appendix A

Case ID: __

Mini-Sentinel: AMI Validation

Acute Myocardial Infarction
Abstraction Form

Instructions: This form is for use in validation of discharge diagnosis codes for acute myocardial
infarction. See Instruction Manual for detailed guidelines for each form item.

Abstractor’s [nitials D:l:’

Abstraction Date D:\/ D] / D:l
pataparnersame | | | L LTI

AMI Validation Workgroup
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Case ID:
Section 1: General information
1. Date of admission: —
2. Date of discharge: I S P
3. Was this patient transferred from another hospital? YES NO

4. Race/Ethnicity (check all that apply):
WHITE
BLACK
NATIVE AMERICAN
ASIAN
HISPANIC
NON-HISPANIC___
OTHER
UNAVAILABLEUNKNOWN

5. Age:
UNAVAILABLE

6. Gender:
MALE FEMALE UNAVAILABLE

Section 2: Medical history
7. Was there a documented acute episode of symptoms consistent with cardiac ischemia? (Symptoms
include: chest pain/pressure/tightness/burning, left arm pain, jaw or neck pain, SOB/dyspnea,

sweating/diaphoresis, nausea/’vomiting. )
YES NO UNKNOWN.
8. Is there evidence in the patient records of a prior myocardial infarction?
YES NO
8a. If YES, was the patient discharged within the past 10 days?

YES__ NO__ UNAVAILABLE

AMI Validation Workgroup
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Section 3: Biomarkers

Biomarkers Laboratory Standards:

CaseID:

Instructions: if only one value given, such as <0.03, include this in Upper reference limit column (with a

< or <=sign.) Units: 1= ng/mL; 2=Units/L; 3=1g/L; 4=Other

Biomarker

Upper reference
limit (URL)

Indeterminant
range
(if given)

Abnormal
(consistent with
NECrosis)

Units | 99™
percentile of
the URL*

9. Total CK (CPK)

10. CEK-MB

11. Troponin I

12. Troponin T

13. Troponin
(other):

14. Troponin
(other):

*[f Tab or chart provides a 99" percentile of the UR

T, for Troponin T or T, please enter,

Biomarkers Measurements:

15. Initial levels 16.01. Subsequent levels
Total CK a__ Date: / / o
Time

CK-MB b -
Troponin [

L I
Tropomn T

d_ S
Troponin Date: _ /[ [ _ Date: _ [/ /[
(other): e._ Time I Time @
Troponin Date: _ /[ /[ _ Date: _ /[ /[ _
(other): | Time o Time :

AMI Validation Workgroup
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Case ID:

16.02. Subsequent levels

16.03. Subsequent levels

Total CK. a_ Date: _ /[ /4 _ a_ _
Time_ _i_ _
CK-MB b. b. Date:_ / J _
Time
Argporim.| Date: /[ Date: 7/ /
e _ Ti C___ .
ime_ __ _ Time_ @
Troponin T Date: [ /7 _
d_.__ Time___ L
Troponin Date: _ /¢ _ Date: _ / / _
(other): 13 Time 3 Time
Troponin Date: [/ / Date: 7/ /
(other): L___ Time_ _i_ _ £__ _ Time
16.04. Subsequent levels 16.05. Subsequent levels
Total CK a_ a_
CK-MB b. b.
Troponin | Date ’
6_ ; - c_ _ _
Troponin T Date. [/
d_ - d_
Troponin Date: _ _/_ _/__
(other): . Time L N 77
Troponin Date:_ 7 7 _ Date: 7 / _
(other): L Time_ _i_ _ £f__ _ Time_ _:__

AMI Validation Workgroup
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SUPPLEMENTAL SECTION: PREHOSPITAL BIOMARKERS
Biomarkers Laboratory Standards:

Case ID:

Instructions: if only one value given, such as <0.03, include this in Upper reference limit column (with a

< or <=sign.) Units: 1= ng/mL; 2=Units/L; 3=ue/L; 4=Other

Biomarker Upper reference Indeterminant Abnormal Units 99"
limit (URL) range (consistent with percentile of
(if given) NECTOSIS) the URL*
S$1. Total CK
(CPK)
S2. CK-MB
S3. Troponin [
S4. Troponin T
S35, Troponin
(other)
$6. Troponin
{other)
§7. First Available Levels S7. Subsequent levels
Total CK a_ a___
CK-MB b Date: [/ _ b Date:__/__/
Time e -
Time

Troponin T Dla[c _ Date: ¢ /

¢ Time [ e

i e Time

Troponin T Date: _ [ / _ :

d Time d Date: L

———— ———— Time :

Troponin Date: / Date: _ /__/
(other): e._ Time_ _:_ e._ Time
Troponin Date: __/_ /__
(other): | Time _: _ f__ Time_ . _

AMT Validation Workgroup
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Case ID: __

Section 4: Electrocardiogram(s) (Attach copies of all available electrocardiograms)
17. Were any 12 lead ECGs taken during this admission?
YES  NO_>(gotoiem2])  UNKNOWN_ > (go to item 21)
18. First ECG taken after arrival at the surveillance hospital:
a. Date: ! b. time:
19. Were there other ECGs available?
YES NO__
20. Last ECG on this admission:

a. Date: ! / b. time:

Section 5: Echocardiogram(s) (Attach copies of all available echocardiogram reports)
21. Was an echocardiogram performed during this admission?

YES NO UNKNOWN
22.Is an echocardiogram report or interpretation available?

YES NO

Section 6: Procedures or Interventions Performed During Hospitalization
23. Was a thrombolytic agent administered?

YES NO UNKNOWN

24. Cardiac catheterization with or without percutancous coronary intervention (PCI)?
YES  (attach copy of report)  NO UNKNOWN

a. Date: / !

AMII Validation Workgroup
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25. Coronary artery bypass surgery (CABG)?

YES__ (attach copy of procedure note) NO_

a. Date:

26. Defibrillation?

YES_  NO_  UNKNOWN__

27. CPR/ACLS?

YES_ NO_ UNKNOWN__

a. Date: {

Section 7: Stress Test

Case ID:

UNKNOWN__

28. Was there an abnormal result from a stress test (ETT, exercise echocardiography,
exercise/pharmacologic nuclear study, dobutamine echocardiography)?

YES (attach copy of report)
NO, test was normal

NO, test not done or results not available

AMI Validation Workgroup
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Case ID:

Section §: Disposition
29. Discharge status

ALIVE _ (go to item 30)
DEAD (include cause of death if noted)

29a. Patient dead on arrival__

29b. Patient died in the emergency room
29¢. Other/Unknown__
UNKNOWN

30. Was patient transferred 1o another hospital?

YES__ NO__ UNKNOWN__

Section 9: Post-mortem
31. Autopsy performed?

YES (attach copy of report)__  NO__ UNKNOWN___

Section 10: Materials available for review
32. Was a copy of the discharge summary available? YES__ NO__
33. Was a copy of the history and physical available? YES__ NO

34. If patient was transferred from another hospital,
was a copy of the transfer records available? YES__ NO__ N/A__

35. Were copies of cardiac biomarker results available? YES NO
36. Were copies of ECGs available? YES__ NO__

37. Was a copy of the autopsy report available? YES NO_ N/A_

AMI Validation Workgroup

1.
Mini-Sentinel acute myocardial infarction validation: Abstraction form
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Appendix B

MINI-SENTINEL: AMI VALIDATION
2010-2011 ADJUDICATION FORM

CASE ID: DATE OF REVIEW: |_|_|/|_|_V|_|_|_|_|

CRITERIA FOR DEFINITE ACUTE MYOCARDIAL INFARCTION (MI)’
CHECK IF PRESENT:

[ Detection of the rise and/or fall of cardiac biomarkers (preferably Troponin) above the 99" percentile of
the upper reference limit (URL)** accompanied by at least one of the following:

O Ischemic symptoms

L ECG changes indicative of new ischemia (new ST-T changes, new LBBB, or loss of R-wave
voltage)

[0 Development of pathological Q-waves in 2 or more contiguous leads in the ECG (or equivalent

findings for true posterier MI)

C Imaging evidence of new loss of viable myocardium or new regional wall motion abnormality at
rest in the absence of a non-ischemic cause***

[ Sudden unexpected cardiac death, including cardiac arrest, with symptoms suggestive of myocardial
ischemia, accompanied by at least one of the following:

L New ST elevation
L New LBBB

U Definite new thrombus by coronary angiography or autopsy (but death before blood samples
could be obtained or before appearance of cardiac biomarkers in blood)

O PCl related MI: elevations in cardiac biomarkers greater than 3 x 99" percentile URL during the first 48
hours post-PCI (in setting of normal baseline Troponin values).

[ CABG related MI: elevations in cardiac biomarkers greater than 5 x 99" percentile URL during the first
72 hours post-CABG (in setting of normal baseline Troponin values) and one of the following:

O New pathological Q waves

U New LBBB

U Angiographicallly documented new graft or native coronary artery occlusion
U Imaging evidence of new loss of viable myocardium

[ Pathological findings postmortem of an acute Mi

*MI = myecardial infarction
**URL = upper reference limit

***This can be manifest as:
- Echocardiegraphic, CT, MR, ventriculographic or nuclear imaging evidence of left ventricular thinning or
scarring and failure to contract appropriately (i.e., hypokinesis, akinesis, or dyskinesis)
- Fixed (non-reversible) perfusion defects on nuclear radicisotope imaging (i.e., MIBI, thallium)

O NOTE: If the 99" percentile of the URL from the respective laboratory performing the assay is not available, then the
URL for myocardial necrosis from the laboratory should be used. If the 99" percentile of the URL or the URL for
myocardial necrosis is not available, the M| decision limit for the particular laboratory should be used as the URL.
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TYPE OF EVENT

DEFINITE M
PROBABLE M|
EXPLAIN WHY NOT ‘DEFINITE"

NO M|
UNABLE TO DETERMINE
WHAT DATA WERE NEEDED BUT NOT AVAILABLE?

O CARDIAC BIOMARKERS

O ECGs

O INFORMATION ON ISCHEMIC SYMPTOMS

O OTHER:
ECG manifestati of acute my dial ECG changes associated with prior myocardial
ischemia (in absence of LVH and LBBB) infarction
ST elevation Any QG-wave in leads Vp =V, 20.02 s or QS

New ST elevation at the J-point in two AR e amh

contiguous leads with the cut-off points: 20.2 Q-wave 2003 sand 20.1 mV deep or QS
mV in men or 20.15 mV in women in complex in leads |, Il, aVL, avF, or Vi, Vs inany
leads V, —V; and/or 20.1 mV in other leads two leads of a contiguous lead grouping (I,
aVL, Vg Vy Vg, II, 11I, and avF)?
T R R B R-wave 20.04sin V1 V2 and RIS =1 witha
New harizontal or down-sloping ST depression concardant positive T-wave in the absence of a
20.05 mV In two contiguous leads; andfor T conduction defect
inversion = 0.1 mVY In two contiguous leads with
prominent R-wave or R/S ratio 1 “The same criteria are used for supplemental leads V; —

W, and for the Cabrera frontal plane lead grouping.

Mini-Sentinel acute myocardial infarction validation: Adjudication for
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